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RESISTANCE OF TRICHOPHYTON RUBRUM AND
MICROSPORUM AUDOUINI TO TWO-HYDROXY-
STILBAMIDINE INDUCED IN VITRO*
CLAIRE L. TASCHDJIAN, B.S.
In a previous communication the writer reported on the in vitro effects of
stilbamidine and 2-hydroxystilbamidine on fungi causing superficial mycoses (1).
That particular study was motivated by the need for a systemic treatment for
infections resistant to topical medication, such as tinea capitis due to Micro-
sporum audouini and tinea caused by Trichophyton rubrum.
Both 2-hydroxystilbamidine and stilbamidine accumulate in the stratum Mal-
pighii, the hair follicles, and the sweat glands (2, 3), and might prove of value in
the management of recalcitrant superficial fungous infections. The writer found
that 2-hydroxystilbamidine inhibited T. rubrum in a concentration of 1 mg,
and M. audouini in a concentration of 0.6 mg, per milliliter of Sabouraud's agar.
Before attempting a clinical trial, it seemed important to investigate whether
these two fungi would acquire resistance to the drug. This possibility is
not remote, considering the adaptability of living organisms and especially of
parasites to a changing environment. Bocobo, Curtis, and Harrell found that a
strain of Blastomyces dermatitidis was 100 times more resistant in vitro to stil-
bamidine when obtained after the patient had received treatment, than it had
been before the treatment was begun (4). Sing was able to induce resistance
in vitro of Trichophyton strains to fatty acids and sulfanilamide (5). Murphy
and Rothman reported that they increased the resistance of a strain of Tn-
chophyton gypseum to pelargonic acid to seven times the originally tolerated con-
centration in vitro (6).
MATERIAL AND PROCEDURE
Ten freshly isolated strains of T. rubrum and six of M. audouini were used
in the experiments. The inherent sensitivity of each strain to 2-hydroxystilbami-
dine was determined as follows: Transfers were made from the original isolates
to Sabouraud's agar containing 2-hydroxystilbamidine in concentrations below,
including, and above the fungistatic threshold previously determined for the
two species.
The following technic was used in the attempt to induce resistance in the
strains tested:
Two-hydroxystilbamidine was incorporated into sterile Sabouraud's agar in
concentrations of 0.2 mg/ml to 2 mg/ml, graded in such a way that each suc-
ceeding concentration was 0.2 mg/mi higher than the preceding one.
Transfers were made from the original isolates to the lowest concentration.
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T. rubrum was started at 0.4 mg/mi, and M. audouini at 0.2 mg/mi. Transfers
from these cultures to the next higher concentration were made after four weeks'
incubation at 30°C. The same procedure was foilowed thereafter until no growth
whatsoever occurred during four weeks' incubation.
RESULTS
It was noted that in both T. rubrum and M. audouini cultures the colonies
became progressively smaller and more atypical in the course of their exposure
to increasing concentrations of 2-hydroxystilbamidine, until growth was barely
detectable on the highest concentrations toierated. No submerged myceiium was
formed in these strongly inhibited colonies. Growth consisted of a few tenuous
strands of aerial mycelium which seemed to avoid contact with the substrate
and were easily removed for transfer to the next tube. The fungistatic threshold
was considered as that concentration at which no growth occurred at all. These
concentrations are shown in Table I.
TABLE I
Fungistatic concentration of J-OH-stilbamidine for T. rubrum and M. audouini in fresh
isolates and after prolonged exposure
Fungistatic concentration
Strain Isolated from Befog,xsure Aftesure
Difference
mg/mi
T. rubrum
I leg 1.0 1.0 0 0
2 leg 1.0 1.2 +0.2 +20.0
3 toe webs 1.2 0.8 —0.4 —33.3
4 toe webs 1.0 1.0 0 0
5 foot 1.4 1.2 —0.2 —14.3
6 foot 1.0 1.2 +0.2 +20.0
7 trunk 1.0 0.6 —0.4 —40.0
8 chest 0.8 1.2 +0.4 +50.0
9 wrist 1.2 2.0 +0.8 +66.6
10 blister, sole 1.4 1.6 +0.2 +14.3
Mean 1.10 1.18 +0.08 +7.27
M. audouini
1
2
3
4
5
6
scalp
scalp
scalp
scalp
scalp
scalp
0.6
0.4
0.6
0.6
0.8
0.8
0.8
0.6
0.8
1.0
1.0
1.2
+0.2
+0.2
+0.2
+0.4
+0.2
+0.4
+33.3
+50.0
+33.3
+66.6
+25.0
+50.0
Mean 0.63 0.9 +0.27 +43.6
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EVALUATION AND DISCUSSION OF RESULTS
ConsideriRg first the data obtained for T. rubrum, one is struck by the con-
siderable variability of the inherent response of different strains to 2-hydroxy-
stilbamidine. Some strains appear to be comparatively sensitive (no. 1), while
others seem to be very resistant by nature (nos. 3, 5, 9, 10).
The same variability is noticeable in the cultures exposed to increasing con-
centrations of 2-hydroxystilbamidine. Two strains retained their original tol-
erance (nos. 1, 4). Five strains came to tolerate a higher than the original in-
hibiting concentration (nos. 2, 6, 8, 9, 10). Three strains seemed to he adversely
affected and to become more sensitive to the drug (nos. 3, 5, 7). This variable
response is shown in Table II.
On the average, the ten strains increased their tolerance of 2-hydroxystilbami-
dine from 1.10 mg/mi to 1.18 mg/mi, or 7.27%.
The six strains of ill. audouini, on the other hand, increased their tolerance
from an average of 0.63 mg/ml to 0.9 mg/mI, or 43.6%.
In order to evaluate correctly the results of these experiments, it is necessary
to consider the following points: 1. The latitude of variation in the original sensi-
tivity of both organisms to 2-hydroxystilbamidine. 2. The latitude of variation
after exposure to the drug. 3. The statistical significance of the average difference
in tolerance before and after exposure.
The latitude of variation is measured by the standard deviation o-, which is
defined as the square root of the average square of all deviations from the mean,
as expressed by the equation:
TABLE II
Response of 10 strains of T. rubrum to exposure to 2-OH-stilbamidine
Nature of Response Number of Strains
2
5
3
No change in sensitivity
More resistant after exposure
Less resistant after exposure
Total 10
TABLE III
F. rabrum M. zudoui,ji
mean mean
1.10 0.58 0.63 0.137
0.087 0.026
1.18 0.39 0.9 0.190
0.058 0.037
0.08 0.104 0.27 0.045
Standard deviation o before exposure to 2-OH-
stilbamidine
Erroroi
Standard deviation c after exposure to 2-OH-
stilbamidine
Errora2
Difference of two means Error of difference D..
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The probable error of the standard deviation a- is calculated according to the
equation
0.6745Ea- =
The statistical significance of the difference D between the two sets of data for
each species is expressed by the equation:
E = /Ea- + Ea (7)
The results of these calculations are shown in Table III.
In order to be significant, a value should be at least three times larger than
its error. With regard to T. rubrum, the slight average increase in tolerance of
0.08 mg/ml is not significant, since the error of 0.104 is larger than the difference
itself. In other words, T. rubrum did not, on the average, acquire resistance to
2-hydroxystilbamidine in vitro.
In the instance of M. audouini, however, the probable error is sufficiently
small for the difference in tolerance before and after exposure to be significant.
The six strains investigated did acquire significant resistance upon prolonged
exposure to 2-hydroxystilbamidine, the average gain in tolerance being 43.6%.
SUMMARY
10 strains of Trichophyton rubrum and 6 strains of Microsporum audouini were
subcultured from low to increasingly higher concentrations of 2-hydroxystilbami-
dine in Sabouraud's agar until complete inhibition was reached. The inherent
sensitivity of each strain was tested by making transfers from the original iso-
lates to graded concentrations of 2-hydroxystilbamidine and noting the inhibiting
concentration. The two sets of data for each strain were compared and evaluated
statistically. The average resistance of T. rubrum increased by 7.27 %, a value
which was found to be without statistical significance. The resistance of M.
audouini increased significantly by 43.6 % after prolonged exposure in vitro to
2-hydroxystilbamidine.
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